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统 II 结合；运用凝胶高效液相色谱(SE-HPLC)与 ICP-MS 联用技术在其叶中发现一种
稀土结合多肽，稀土含量高达 3000 µg g-1，且优先结合轻稀土；进一步的表征显示该
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Abstract 
Rare earth elements (REEs) have been widely used in agricultural activities in China for 
more than 30 years, the resulted environmental risk has attracted gradually increasing 
attention. Phytoremediation, a technique using plant hyperaccumulator to remove 
contamination from soil and water, becomes more important as it is environmental friendly 
and cost-effective. Although many researches have been carried out on the phytoremediation 
of toxic heavy metals, the researches on REEs, especially in hyperaccumulation mechanism 
at molecular level, are just on the way to answer “why” and “how to do”. 
In this dissertation, the fractionation of REEs during uptake and migration processes in 
different fern species, which were sampled from Nanjing natural reservation of semitropical 
rain-forest located in Fujian, southeastern part of China, were investigated. Among 11 fern 
species sampled, a species, Pronephrium simplex, was discovered and recognized as a new 
REE-hyperaccumulator that accumulates REEs in its lamina as high as 1.2 mg g-1, 35 times 
higher than that in its host soil. Moreover, the subcellular distribution and possible existing 
chemical forms of REEs in its lamina were studied, and one REE binding peptide which 
might play a key role in REE hyperaccumulation was separated and characterized. Results 
showed that in the lamina of P. simplex, most REEs are bound with cell wall and proteins, 
and ΣREEs concentration in proteins, 2899.5 µg g-1, is much higher than those in cell wall; in 
the chloroplast of P. simplex, REEs distributed almost equally in chloroplast membrane and 
thylakoid, while most REEs in thylakoid are binding with photosystem II (PS II); a new 
REE-binding peptide, which can accumulate ΣREEs up to 3000 µg g-1 and has high affinity 
for light REEs, was discovered in the lamina of P. simplex; further characterization of the 
peptide showed its molecular mass is 5068.4 Da, and may have β-sheet structure; 
isoelectrofocusing electrophoretic photograph indicated that it is acidic peptide with the IP of 
3.7; amino acid composition indicated that the peptide has relatively higher content of proline 
and glycin, moderate glutamic acid/glutamine (Glx) and aspartic acid/asparagine (Asx), 
which can provide possible binding sites for REEs under physiological conditions.  
In addition, Blechnum orientale, a well-known REE-hyperaccumulator, was also 
investigated on its possible accumulation mechanism. Results showed that REEs distribution 
in its lamina is basically similar with that of P. simplex, except that its cell wall can 
accumulate relatively higher content of REEs. There might be mainly two REE binding 
components found in the lamina of B. orientale, and both of them prefer to bind with light 
REEs; one is a peptide of 9016 Da molecular mass; the other one containing higher REEs 
content an acidic compound of only 99 Da, IR spectrum showed that it contained 
carboxyamide group. 
Such information should be useful for understanding of both the storage and 
physiological role of REEs in the hyperaccumulators and further studies on the 
phytoremediation of REEs’ contamination. 
 


















期表第三副族中原子序数从 57 至 71 的 15 个镧系元素，即镧 La、铈 Ce、镨 Pr、钕
Nd、钷 Pm、钐 Sm、铕 Eu、钆 Gd、铽 Tb、镝 Dy、钬 Ho、铒 Er、铥 Tm、镱 Yb、
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增加[7]，稀土元素完全可以通过食物链进入动物及人体。 
1993年，苏德昭[8]对全国17个省市主要食品中的稀土总量作了调研，得到我国居民
膳食稀土摄入量为2.10～2.50 mg d-1（表1-1）。 
 
表1-1 中国居民膳食稀土摄入量（以氧化物计）[8] 







（mg d -1） 
粮食类 2.0 470∼500 0.94∼1.00 
薯类 2.0 80∼100 0.16∼0.20 
蔬菜类 1.0 400∼450 0.40∼0.45 
水果类 1.0 30∼50 0.03∼0.05 
豆、豆制品 2.0 30∼50 0.06∼0.10 
肉、蛋、禽类 0.5 100∼120 0.05∼0.06 
鱼、水产品类 1.0 20∼25 0.02∼0.025 
奶、乳制品类 2.0 50∼70 0.10∼0.14 
食糖、糕点类 2.0 30∼50 0.06∼0.10 
饮料（茶、酒、冷饮） 0.5 100∼150 0.05∼0.075 
食用油、调味品、淀粉 1.0 80∼100 0.08∼0.100 

























区儿童的智商明显低于非稀土区。体感诱发电位（Somatosensory evoked potential，SEP） 
和听觉脑干电响应（Auditory brainstem electric response，ABR）的测定[13]显示，虽然稀
土区与非稀土区ABR并无明显差异，但SEP的测定表明稀土区儿童中央神经（median 
nerve）到丘脑（thalamus）的传导缩短，特别是到一级原初体感响应区（first grade primary 











稀土最弱，阈值为1～5 µg mL -1。另据报道[16]：一定浓度的稀土元素能够导致小鼠骨髓
细胞染色体畸变，且能对鸡胚产生影响，可使鸡胚发生畸变。杨维东等[17]研究发现，当
Ce(NO3)3浓度为1 mmol L -1时，3T3细胞DNA没有明显的损伤，但是当Ce(NO3)3浓度升
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